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ESCRT and ESCRT-associated proteins are required during the assembly and release of many RNA
viruses, including HIV. Two new papers provide structures for the ESCRT-associated protein ALIX/
AIP1 and demonstrate how this protein interacts with HIV Gag. One of these studies provides the
clearest evidence to date that ESCRT-III mediates key events in virus release and indicates that there
are cellular proteins involved in this process still to be discovered.For efficient assembly, retroviruses, in-
cluding the human immunodeficiency
viruses (HIV), and several other fami-
lies of RNA viruses, (rhabdoviruses,
filoviruses, and arenaviruses), recruit
components of the cellular ESCRT
machinery (Morita and Sundquist,
2004). The endosomal sorting com-
plex required for transport is a set of
protein complexes (ESCRT 0, I, II, III)
that were initially identified in Saccha-
romyces cerevisae as so-called class
E Vps mutants—a group of vacuole
protein-sorting mutants that showed
similar enlargement of the preva-
cuolar, late endosome compartment
(Hurley and Emr, 2006). The ESCRT
machinery is highly conserved, and
mammalian homologs were subse-
quently found to play essential roles
in sorting membrane proteins for deg-
radation in lysosomes, the mammalian
equivalent of the vacuole.
The ESCRT machinery functions pri-
marily on endosomes, where it recog-
nizes membrane proteins modified by
monoubiquitination and sorts these
cargoes into membrane domains that
form the small internal vesicles (intra-
lumenal vesicles [ILVs]) of late endoso-
mal multivesicular bodies (MVBs) (see
Figure 1) (Hurley and Emr, 2006). ILV
formation is topologically identical to
the budding of enveloped viruses,
and this link to viruses, particularly
HIV, has provided much of the impetus
for studying ESCRT complexes. There
is also a fundamental interest in
understanding how these proteins di-
rect outward membrane vesiculation(c.f. inward vesiculation driven by, for
example, the clathrin machinery).
Although ESCRT and ESCRT-asso-
ciated proteins are essential for the
replication of HIV and other viruses,
the functions of these proteins remain
obscure.
In cells, ESCRT recruitment to endo-
somes occurs through the binding of
the ESCRT-0 protein Hrs (Vps27p) to
ubiquitinated cargo molecules and en-
dosomal phosphatidylinositol 3 phos-
phate (PI3P) through its FYVE domain
(Morita and Sundquist, 2004). A
PSAP sequence in Hrs provides a bind-
ing site for the ESCRT-I component
Tsg101, and ESCRT-I is proposed to
recruit ESCRT-II and -III. Subse-
quently, at some critical step in ILV
formation, ubiquitin is removed from
the cargo, and the ESCRT machinery
is disassembled from the membrane
through the activities of the AAA-
ATPase Vps4p and associated pro-
teins. HIV and other viruses usurp
this pathway through the action of
short peptide sequences called late
domains (L domains) in their Gag or
matrix proteins, viral structural pro-
teins that bind to the cytosolic face of
membranes and drive virus particle
formation. Viruses that lack functional
L domains fail to complete assembly
and, in many cases, can be seen as
partially budded structures attached
to the cell surface by membrane
tethers. One well-characterized L do-
main sequence is PTAP, which mimics
the PSAP in Hrs to recruit ESCRT-I.
However, PTAP or PTAP-like se-Cell Host & Micrquences are not the only L domains
(Morita and Sundquist, 2004). In
murine leukemia and avian leukosis
viruses, for example, PPxY sequences
act as L domains. These motifs do not
recruit ESCRTs directly but bind mem-
bers of a family of ubiquitin E3 ligases
that couple ubiquitin to membrane
proteins destined for lysosomal degra-
dation. Another L domain motif initially
identified in the equine infectious
anemia virus (EIAV) is YPXnL (where
X can be a variable number of amino
acids), which recruits the ESCRT-
associated protein ALIX/AIP1 (ALG-2-
interacting protein X) (Martin-Serrano
et al., 2003; Strack et al., 2003; von
Schwedler et al., 2003).
The principal L domain in HIV is the
PTAP sequence in the C-terminal p6
domain of the Gag polyprotein. How-
ever, when the PTAP motif is mutated,
some virus formation still occurs
(Morita and Sundquist, 2004). This
assembly requires a YPXnL motif
C-terminal to the PTAP sequence;
when PTAP mutants are also mutated
in the YPXnL motif, HIV assembly is
abolished (Fisher et al., 2007; Strack
et al., 2003). Moreover, while RNAi
knockdown of ALIX has little impact
on assembly of HIV with an intact
PTAP sequence, it completely blocks
assembly of PTAP mutants. Interest-
ingly, phylogenetic analysis shows
that some simian immunodeficiency
viruses contain only a YPXnL L domain
motif and are thus likely to be totally
dependent on ALIX for infectious parti-
cle production (Strack et al., 2003).obe 1, March 2007 ª2007 Elsevier Inc. 5
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Retroviral Gag polyproteins bind the inner surface of the plasma membrane, and Gag-Gag lateral
interactions drive particle formation. A PTAP motif in HIV-1 p6 recruits ESCRT-I to complete the
budding reaction. The PTAP motif is assisted by a low-affinity interaction of the C-terminal region
of p6 with the V domain of ALIX. The EIAV L domain bypasses the ESCRT-I requirement by
increasing the binding affinity to ALIX. ESCRT-III is recruited by the Bro1 domain of ALIX, and
this interaction is essential for viral budding. Additional requirements for L domain activity are
encoded by the proline-rich region of ALIX (Fisher et al., 2007). See text for further details.As with HIV, other SIVs appear to have
both PTAP and YPXnL sequences,
suggesting a ‘‘belt and braces’’ redun-
dancy to L domain function that may
provide the virus with flexibility for
interaction with the ESCRT pathway
in different cellular backgrounds.
ALIX has been implicated in a range
of functions including the downregula-
tion of cell surface receptors, focal ad-
hesion remodeling, and the induction
of apoptosis (Odorizzi, 2006). Intrigu-
ingly, ALIX was also suggested to
play a role in ILV formation, both in6 Cell Host & Microbe 1, March 2007 ª2intact cells and cell-free reactions
(Matsuo et al., 2004). However, most
recent insights to ALIX function come
from studies of its role in endosomal
sorting and viral pathogenesis. ALIX
is the mammalian homolog of the
yeast protein Bro1 that was identified
in the Vps screens (Vps31p), though it
is not a component of ESCRT com-
plexes. Sequence analysis indicates
that ALIX has a conserved architecture
containing an N-terminal Bro1 domain
(Kim et al., 2005), a central helical
domain, and a C-terminal proline-rich007 Elsevier Inc.region (PRR). Two recent papers on
ALIX (Fisher et al., 2007; Lee et al.,
2007) now provide structural details
on the Bro1 and helical domains. The
Bro1 domain has a similar overall ar-
chitecture to its yeast counterpart
(Fisher et al., 2007; Kim et al., 2005),
but the helical domain forms two
arms that fold into a flexible V-like
structure. The YPXnL-binding site has
been mapped to a large hydrophobic
pocket, on the side and inner face of
one arm, centered around a conserved
phenylalanine (residue 676). The data
suggest that interaction of ALIX with
Gag is likely to open the V and influ-
ence the activities of the Bro1 and
the PRR effector domains.
So why is this important? ESCRT-III
is believed to play a role in ILV forma-
tion by mediating membrane deforma-
tion and fission (Hurley and Emr, 2006).
ESCRT-III is thought to be a down-
stream effector of ALIX through its
interaction with CHMP4, but the
mechanism of ESCRT-III recruitment
by ESCRT-I is unclear. In addition to
ESCRT-III, ALIX can also interact with
ESCRT-I by binding to Tsg101. This in-
teraction led to the hypothesis that
ALIX provides a link between ESCRT-I
and ESCRT-III (Strack et al., 2003;
von Schwedler et al., 2003). However,
this notion is not consistent with the
finding that viral budding mediated by
Tsg101 does not require ALIX, and
that the converse is also true (Martin-
Serrano et al., 2003). Fisher et al. now
extend these observations by showing
that the Tsg101-binding site in ALIX is
not required for viral budding. The
interaction of Tsg101 with ESCRT-II
has also been proposed to connect
ESCRT-I with ESCRT-III (von Schwe-
dler et al., 2003), but ESCRT-II is not
essential for HIV-1 budding (Langelier
et al., 2006), leaving the identity of
the downstream mediator of ESCRT-I
activity an important question that
needs to be answered.
Overall, these observations suggest
that ALIX serves as an alternative entry
route to the mammalian ESCRT path-
way rather than providing essential
activities for vesicle formation and
membrane fission (see Figure 1). In
agreement with a model whereby
ALIX recruits downstream mediators
of membrane fission, Fisher et al.
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to date to support a role for ESCRT-III
in retroviral budding. They show that
a conserved hydrophobic patch on
the ALIX Bro1 domain is required for
binding to CHMP4/ESCRT-III, and
they use an elegant overexpression
system to demonstrate that the ALIX/
ESCRT-III interaction is essential for
YPXnL-mediated L domain activity.
This experimental approach has also
proved helpful in identifying an unex-
pected functional requirement in the
C-terminal PRR of ALIX. The nature
of this new activity is unclear, but it is
likely that it points to an as yet un-
identified binding partner required for
L domain activity. Identifying this com-
ponent will provide important insightsRebuilding Host-
from the Ground
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The inflammasome is a macrom
activation of the secreted cytok
intracellular sensors of microbial
cell-free reconstitution of the infl
innate immune pathway of micro
Caspase-1 is an essential regulator of
cytokine production and inflammation.
Originally isolated as a biochemical
activity capable of proteolytically con-
verting pro-IL-1b into its active and
mature form, caspase-1 also plays an
essential role in processing IL-18
(Cerretti et al., 1992; Thornberry et al.,
1992). Caspase-1 deficiency is associ-
ated with increased susceptibility to
some infections. In isolated cells, pro-
duction of IL-1b can be stimulated byinto how ALIX, and possibly ESCRT-
III, contribute to virus release and the
formation of MVBs.
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